In discussing the subject of congenital laryngeal stridor, it is my intention to limit my remarks to a consideration of the different views that have been advanced regarding the etiology of the affection. Before doing so, however, it is very essential that we should have a definite conception of the clinical features presented by a typical case of congenital laryngeal stridor. A perusal of the literature of the subject reveals the fact that there is sometimes a misconception as to what really are the clinical phenomena of this condition, a misconception which must necessarily lead to some confusion in the study of its etiology.
The symptoms have been accurately described by John Thomson. The infant, who appears in other respects normal, is noticed shortly after birth to have noisy breathing. The noise consists of a croaking sound occupying inspiration, which assumes the character of a high-pitched crow when a more forcible inspiration is taken. Expiration may be accompanied by a short croak when the stridor is loud, but at other times it is noiseless. There are occasionally brief intervals during which no sound is audible even in very severe cases, but with this exception, the stridor goes on constantly while the child is awake, and sometimes even when he is asleep. Emotional excitement or any physical cause of deeper breathing, such as exposure to colder air, Or the act of crying, may intensify the sound. The child's power of crying and coughing is unaffected. A feature of very considerable interest in the case is the fact that, although the breathing is noisy, it is not accompanied by the slightest distress, and there is no cyanosis. There is, however, marked inspiratory indraw-ing of the thoracic and abdominal walls, except in the mildest cases.
The stridor increases in loudness during the first few months, and after remaining about the same for a few months more it gradually lessens and finally disappears during the course of the second year of life.
Various explanations have been offered to account for these clinical phenomena: thus we have a reflex laryngeal irritation induced by the presence of adenoids in the nasopharynx (Robertson, Eustace Smith) ; pressure upon the trachea from an enlarged thymus (Avellis, Hochsinger); congenital malformation of theupper aperture of the larynx (Lees, Sutherland and Lack, Refslund, Variot, Koplik); an ill coordinated spasmodic action of the respiratory musc.es inducing an exaggeration of the normal infantile type of larynx, an acquired deformity (John Thomson and Logan Turner).
1. ADENOID VEGETATIONS. -Eustace . Smith has described the origin of the condition to the presence of adenoids and the associated nasopharyngeal catarrh. "I attribute the stridor to a spasmodic contraction of the aryepiglottic folds, and believe that it is due to irritation set up by the adenoids in the nasopharynx." He points out that while the size of the post-nasal vegetations may be insignificant in any particular case, they may none the less be the cause of the symptoms, as the nervous irritation may be produced 'not so much by the adenoids themselves as by the associated nasopharyngeal secretion. To support his contention, Smith describes a case in which the symptoms were entirely relieved by the removal of the adenoids. The infant aged 1 month had had noisy breathing since birth, and at times the crowing was so loud and the breathing so labored and distressed as to raise fears of the child's life. Suffocative attacks of an alarming nature occurred from time to time, the lividity and distress being so great that immediate tracheotomy appeared imminent. On account of a suffocative attack of exceptional severity the child at the age of 3 months was admitted to hospital. The adenoid vegetations were removed, and in a very short time the noisy breathing ceased and there was no return of the threatened suffocation.
One is at once struck in the description of this case with the fact that the clinical picture differs in one very essential feature from the classical cases of congenital stridor, namely, in the occurrence of severe attacks of dyspnea accompanied by cyanosis, and by the evident distress which the infant at times labored under. Suffocative attacks of this nature are extremely rare in connection with cases of congenital stridor, indeed with the exception of one of the fatal cases reported by Sutherland and Lack, we are not aware of any reported case of congenital stridor being accompanied by serious symptoms of this kind. That adenoid vegetations and their associated catarrh will produce attacks of difficulty in breathing, sometimes of an alarming nature, is quite well known, but such cases, to which that described by Smith corresponds, cannot be classified uncler the term congenital laryngeal stridor. Further, adenoids are very rarely met with in cases of congenital stridor, and when they are occasionally present their removal does not influence the character of the breathing.
In none of the cases examined by Sutherland and Lack were the tonsils much enlarged, nor were there adenoid vegetations of any importance. In none of them were the sypmtoms usually associated with such lymphoid hypertrophy present. Thomson did not find adenoids in his cases: in one of Variot's there was a small mass in the nasopharynx, but its removal made no difference in the stridor. In regard to only one of the eleven cases published by Massei, was the statement made that adenoids were present.
2. COMPRESSION OF THE TRACHEA BY AN ENLARGED GLAND.-In order to estimate what value can be attached to the views of A vellis and Hochsinger as to the origin of congenital stridor from compression of the trachea by the thymus, it is necessary to consider first, whether the trachea can be compressed by that gland, and, secondly, if such compression can be regarded as the causal factor in the production of the affection.
Both clinical and post-mortem evidence certainly appear to show that an enlarged thymus can compress the trachea and produce respiratory difficulty.
Clinical evidence is to be found in the small number of reported cases in which the respiratory embarrassment has been relieved by an operation upon the thymus. Thus Theodor, Siegel, Koenig, Perrucker, Moritz-Schmidt and Morse have reported cases in which the thymus has been exposed and the gland either in whole or in part removed, or stitched to the periosteum covering the upper end of the sternum. In Theodor's case, the operation was performed by Ehrhardt; in Siegel's and Schmidt's cases, Rehn was the operator, and in the case reported by Morse, the operation was done by Murphy. I have not been able to find the report of more than seven cases operated upon. In six of them the operation proved successful, the difficulty in breathing being relievecl. In Morse's cases in which the thymus was stitched, immediate relief was obtained but the symptoms recurred in a few days and the child gradually sank and died.
Post-mortem euidence of tracheal compression is also obtainab.e, but in selecting evidence of this kind I have been careful to cite only those cases in which it was distinctly stated that compression of the trachea was observed after death. This is very necessary for the reason that there are many cases in which at the autopsy the thymus is described as enlarged and death is believed to have been due to compression of the trachea without any actual evidence of the same. In Marfan's case, the trachea was found almost completely flattened by the hypertrophied thymus. Weigert also succeeded in demonstrating tracheal compression. In Massci's case a similar appearance was observed.
Sufficient evidence in support of the contention that the trachea may be compressed by an hypertrophied thymus has been recorded.
It is now necessary to determine whether such compression can be regarded as the etiologic factor in cases of congenital stridor. It is advisable at this point to quote briefly two of the cases of thymus compression, selecting one in which an operation was performed for the relief of the dyspnea, and one in which there was post-mortem evidence of compression.
Theodor's case, an example of the first, was that of a child aged 2 years, strong, pretty well nourished and with no evidence of rickets. For four months it had suffered from attacks of dyspnea, with cyanosis. The intervals between the attacks became shorter and the dyspnea increased in severity. It was accompanied by indrawing of the intercostal spaces and suprasternal notch-the stridor was present in both respiratory acts. Intubation failed to relieve the dis-tress. The thymus was removed by Ehrhardt and there was no further respiratory difficulty. Massei's case was that of an infant 4 days old. There were sudden and violent attacks of dyspnea, bordering upon asphyxia: these followed each other at intervals, their duration being about five minutes. Cyanosis, turgescence of the veins of the neck and great distress were present. Death occurred after three days, and the autopsy revealed a very large thymus compressing the trachea.
It is at once evident that these cases present a very different clinical picture from that which we associate with congenital laryngeal stridor, so that it is difficult to believe that the same causal factor can be present in the two classes of cases.
It is necessary, therefore, to analyze the evidence brought forward by Avellis and Hochsinger in support of their contention. The cases described by the former in his paper correspond in every respect to the recognized clinical picture of congenital laryngeal stridor. Avellis argues that the approximation of the aryepiglottic folds in such cases is consequent upon a deeper lying stenosis, and is comparable to the tucking in of the alae nasi in cases of nasal or post-nasal obstruction. No clinical or post-mortem evidence is advanced by him to support this assumption. In his cases there are no attacks of dyspnea, no cyanosis and no real respiratory distress which form so essential a feature of the authentic cases of thymus compression of the trachea; in addition to the greater respiratory distress associated with thymus compression, the stridor is mainly of an expiratory type and the up and down movements of the larynx are restricted or absent when the trachea is stenosed. In Avellis' cases these features are not present.
Hochsinger, too, is of the opinion that the condition known as congenital stridor is due almost exclusively to compression of the trachea by an hypertrophied thymus, and that the stridor is produced in the trachea. He supports his contention by the aid of two clinical methods, radiography and percussion. Out of fifty-eight infants in whom a radiogram was taken, the thymus was regarded as hypertrophied in twentysix. In twenty of the latter there were symptoms of congenital stridor. With our knowledge of the great variations both in the size and in the weight of the th!mus, and our knowledge of the fact that along with considerable hypertrophy of the gland, there may not be the least interference with respiration, it would obviously be injudicious to attach too much importance to the evidence furnished by the X-rays, and by percussion.
Further, we have analyzed the notes of ten published fatal cases of congenital stridor, and in only one of them, namely, in Koplik's case, is the thymus stated to be enlarged, and in it there was no evidence of tracheal compression. In five of the cases the gland is described as not being hypertrophied, while in the remaining four, no mention is made of its condition. In the four latter, it is reasonable to suppose that the gland presented no abnormal appearance. In typical cases of congenital laryngeal stridor, therefore, there is no postmortem evidence that the thymus plays any part in the causation of the stridor. U until more evidence can be brought forward we are unable to accept the view of Avellis and Hochsinger.
3. CONGENITAl, MALFORMATION. 01" THE UPPER APERTURE 01" 'rIfI\ LARNYX.-Sutherland and Lack are of the opinion that congenital laryngeal stridor is dependent upon two factors, viz., a peculiar congenital malformation of the upper aperture of the larynx and the flaccidity of the structures which form that aperture. In six cases in which they made a laryngoscopic examination, the epiglottis was found sharply folded upon itself, its lateral margins being in close apposition and in some cases in contact. The aryteno-epiglottidean folds were approximated and thus the upper aperture of the larynx was reduced to a small slit. The thin folds bounding it seemed quite flaccid and flapped to and fro on respiration. In only a few of the cases could a view of the vocal cords be obtained. In one of their fatal cases the epiglottis was soft and folded inwards, but no structural change could be detected in the larynx on microscopic examination. While a certain amount of deformity of the upper aperture is essential for the production of the stridor, the valvular action produced by the flaccidity of the soft parts forming its boundary is also necessary to cause the obstruction.
The stridor is produced by the approximation of the aryepiglottic fo:ds; as the respiratory column of air enters the larynx, the folds already lying closer to each other than in the , , .
-. ; normal infantile larynx, become approximated. The fact that they are wider apart at the commencement of respiration but become more closely approximated as the act progresses bears out the observation that the stridor becomes higher pitched at the end of respiration when the folds are nearer together. Sutherland and Lack state further that as the child grows the malformation remains, but the stridor passes off because the parts forming the upper laryngeal aperture become less yielding. They found the malformation persisting as long as the cases remained under observation, in one case up to the age of 6 years. Occasionally a similar malformation is met with in advanced life, but they could bring forward no evidence that such cases had suffered from stridor in infancy.
Other writers have expressed similar opinions with regard to the pathology of congenital stridor. Lees depicts the larynx of an infant aged 1 year, who had suffered from stridor since birth and died from laryngeal diphtheria. The deformity was of. a very marked type.
Refslund describes the larynx of infant aged 20 months who had been the subject of persistent crowing from birth. Death occurred from pneumonia, and post-mortem examination showed that the upper laryngeal aperture was reduced to a mere slit. Va riot's patient was a boy aged 1 year and 10 months, who commenced to suffer from inspiratory stridor shortly after birth. He died from scarlet fever, and the upper aperture of the larynx showed a lesser degree of the deformity than that which is figured in Refslund's case. Haushalter has published the history of a child who died at the age of 8 months from bronchopneumonia. Two days after birth, inspiratory stridor was noticed. At the autopsy the upper laryngeal aperture was considerably narrowed. The epiglottis was rolled backwards upon itself, its lateral borders bemg in contact. It presented somewhat the appearance of a funnel, only a small opening being left at the apex of the epiglottis. The aryepiglottic folds were also approximated and the arytenoid cartilages lay more closely together so that the interarytenoid fold was effaced.
In Koplik's case, to which reference has already been made, death took place at the age of 1 year from extensive bronchopneumonia. Symptoms of laryngeal stridor were first noticed three weeks after birth. The upper laryngeal aperture showed a well-marked example of deformity, the epiglottis being curved backwards with its lateral borders almost in contact. The arytenoid cartilages and aryepiglottic folds were also approximated, the latter being thin and membranous, so that the upper aperture of the larynx was represented by a mere slit.
In all these cases presenting symptoms typical of the clinical picture of congenital laryngeal stridor, the appearance of the upper aperture of the larynx had been ascertained by post-mortem examination. Death occurred as a rule from intercurrent respiratory affection. In all of them a very similar and characteristic malformation varying only in degree was observed. I t is regarded by these observers as a congenital malformation. The clinical features present in a1l of them were typical of the classical picture of congenital stridor. The attacks of dyspnea and cyanosis which form so marked a feature in cases of compression by the thymus were not observed in these cases. In studying the illustrations of the larynx figured in the fatal cases of Lees, Refslund, Haushalter and Koplik, one cannot fail to be struck with the marked deformity of the larynx. It is difficult. indeed, to believe how respiration could have been carried on without any dyspnea or cyanosis accompanying it. They are drawings, however, and not photographs. In Variot's case which has been photographed, on the other hand, the deformity is not nearly so marked.
AN ACQUIRED DEFORMITY OF THE UPPER APERTURE

OF THE LARYNX, THE RESULT OF A DISTURBANC1': OF THE CO-ORDINATION OF THE RESPIRATORY MOVEMENTS.
John Thomson regards the primary element in the causation of congenital laryngeal stridor to be a disturbance of the co-ordination of the respiratory movements, probably due to some developmental backwardness of the cortical structures which control them. As a result of the ill co-ordinated and spasmodic nature of the breathing, a. change takes place in the upper aperture of the larynx. There is a constantly recurring sucking in of the soft structures which form the aperture, so that an exaggeration of the normal infantile type results, TIn: LARYNX IN THE INFANT. In order to make the above statement more clear, it is necessary to consider both the type of the larynx and the character of the respiration in infants.
For this purpose Thomson and the writer examined a number of larynges from still-born infants and from children up to the tenth year of life. Some of them were examined in situ by means of a dissection which exposed the larynx from behind, while the remaining larynges were studied after their removal from the body by the post-mortem method. Our attention was directed mainly to the upper aperture of the larynx. The structures forming the boundaries of this space, namely, the epiglottis in front, the tips of the arytenoid cartilages and the interarytenoid fold behind. and the epiglottic fold laterally, were found to be much softer and more collapsible than they are in the adult. In addition to the evidence of this as-furnished by the handling of the parts, it was observed that the upper aperture of the larynx of the still-born infant was relatively wider than that of the infant which had breathed. In the latter the space is narrower from side to side, owing to the folding backwards and inwards of the epiglottis with the consequent drawing together of the aryteno-epiglottidean folds. This is due to the soft collapsible character of these structures acted upon by the inspiratory air current. The form of aperture thus produced constitutes the infantile type of larynx, which has been described by Merkel, Luschka and other anatomists. As the child grows, a change takes place in the form of these parts. the epiglottis becomes 1110re expanded, the aryepiglottic folds are separated and the upper aperture is in consequence broadened. At the age of 3.0 years the opening of the larynx is wider, while at 9 years of age the infantile type has almost entirely disappeared.
. While varieties are met with in. different infantile larynges, at the same period of life, all of them possess in a more or less marked degree the characteristics above described. These peculiarities combine to make the upper aperture of the larynx liable to changes in form under the action of influences which have no corresponding effect upon the adult organ. The most important influence of this kind is a sudden drawing of air into the larynx. In the larynges of the new-born children and very young infants. the effect on the larynx of drawing in air can be easily demonstrated after death by a simple experiment. A bent metal tube is introduced into the trachea. and in order to open up the chink of the glottis a piece of rubber tubing is p' aced between the vocal cords. Forcible inspirations are then made through the tube. when it is found that with each, a striking alteration in the form of the upper aperture of the larynx occurs. The exact change varies in different cases, but the following main types may be noted:
L In some cases the lateral margins of the aperture become sucked together so that merely a narrow mesial s.it is left between them.
2. In others theepiglottis is drawn backwards and downwards so as to act as a lid to the aperture.
3. In others again the arytenoid cartilages meet in the middle line, the margins of the anterior part of the aperture remaining unaffected.
When this experiment is repeated severed times upon the same larynx, one observes that the upper aperture retains to a very considerable degree the deformity which the suction has produced. Thus, when the aryepig.ottic folds are drawn in so that a vertical mesial slit is left between them, they are found after a few experiments to be permanently nearer one another. \Ve were further struck by the fact that in some of the experiments the form assumed by the upper laryngeal aperture closely resembled the deformity which has been 'figured in the fatal cases described by Refs'und, Thomson and others. In Thomson's case, an infant dying at the age of three months, the epiglottis was folded back in such a way that its lateral margins were in contact and the aryepiglottic folds approximated so that only a narrow slit was left between them. In other words; the malformation which has been regarded by some writers as a congenital one, can be acquired by such a simple experiment as that just referred to.
The objection will doubtless be raised that such experiments conducted upon the cadaver cannot be regarded as entirely trustworthy, because the exact conditions which exist during life are not present. We would; however, again emphasize the fact that the aryepiglottic folds which are mainly concerned in the production of the deformity, con. tain only a few muscular fibres, and' are thin, lax folds of mucous membrane which are readily acted upon by such a mechanical force as the sucking in of air between them. Further, it is well known to a11 who have attempted to examine during hre tne larynx of healthy infants and young children, that the aryepiglottic folds tend to become approximated when the child forcibly inspires duning the examination-that is to say, that the structures can assume in the living body tile same position that they can' be made to take up in the cadaver and as a result of a similar cause.
In very young children the respiration under normal conditions is peculiar in being irregular in rhythm and in force, r s if the co-ordination involved in its movements were not as yet under fu.l control. There often occur, therefore, relatively sudden respiratory efforts. When a young baby is . excited, it is no uncommon thing for it to develop a temporary crowing noise with inspiration, although it has none at other times. A similar but louder and more persistent crowing, which exactly resembles that in a case of infantile stridor, is not infrequently observed in young infants while they are beginning to come out of chloroform narcosis, and a similar loud crowing is a not uncommon accompaniment of operations on the genital organs, owing to the sudden forcible inspiration which the stimulation of the nerves of these parts brings about. Along with the crowing there is always a degree of indrawing of the lower chest wall proportionate to the loudness of the crow.
It is evident, therefore, that in infants in whom the respiratory conditions are normal under ordinary circumstances. there may be produced by any cause which will bring about it sudden and increased inspiratory effort, a crowing respiratron similar to that which is observed in cases of congenital laryngeal stridor. This is due to the soft, collapsible nature of the structures forming the boundaries of the upper aperture of the infantile larynx. In the typical stridor cases, owing to the ill-conditioned and spasmodic character of the breathing, which forms the primary element of disturbance in these cases, there is also produced a narrowing of the upper laryngeal aperture and a consequent more or less constant condition of stridulous breathing, the same as occurs temporarily in normal children. We believe that the sound is produced mainly at the abnormally approximated aryepiglottic folds. The inspiratory croaking and crowing sounds vary in loudness according to the vigor of the inspiration. It is never constantly present, there being always occasional free intervals.
There appears to be sufficient anatomical, clinical and experimental evidence, therefore, in favor of the view that an acquired deformity of the upper laryngeal aperture, the result of an ill co-ordinated type of respiration, is probably the cause of the condition known as congenital laryngeal stridor.
